Phytochemical and biological studies aimed at the discovery and development of novel anti-inflammatory agents from natural sources have been conducted in our laboratories for a number of years. In the course of our investigations, we have been attempting to isolate the anti-inflammatory principles from a number of botanical species, some of which are used for the treatment of inflammatory diseases in Spanish traditional medicine. Jasonia glutinosa D.C. (Chiliadenus saxatilis CASS.ϭChiliadenus glutinosus (L.) FOURR.) is a member of the subtribe Inulinae, tribe Inuleae, Fam. Asteraceae and occurs in the Mediterranean and adjacent areas.
Phytochemical and biological studies aimed at the discovery and development of novel anti-inflammatory agents from natural sources have been conducted in our laboratories for a number of years. In the course of our investigations, we have been attempting to isolate the anti-inflammatory principles from a number of botanical species, some of which are used for the treatment of inflammatory diseases in Spanish traditional medicine. Jasonia glutinosa D.C. (Chiliadenus saxatilis CASS.ϭChiliadenus glutinosus (L.) FOURR.) is a member of the subtribe Inulinae, tribe Inuleae, Fam. Asteraceae and occurs in the Mediterranean and adjacent areas. [1] [2] [3] [4] In both folk and modern traditional medicine, this plant, under the name of "te de roca," is very popular as a stomachic as well as a component in preparations showing beneficial effects such as antispasmodic and as an anti-inflammatory drug. The tea made from its dried leaves is a popular beverage in the Iberian Peninsula. 5) However, no reports as to its experimental biological activity have been found in the literature.
In a previous study performed as part of our collaborative search for novel anti-inflammatory agents from plants, the leaves of J. glutinosa were found to contain flavonol glycosides and four sesquiterpenes: lucinone, glutinone, 5-epi-kutdtriol and kutdtriol. [6] [7] [8] Plant sesquiterpenes are secondary metabolites widely distributed in the higher plant kingdom and are known to show diverse biological and pharmacological actions, including anti-inflammatory activity. [9] [10] [11] Since the effect of sesquiterpenes found in the leaves of J. glutinosa on the key enzymes of inflammation has not yet been studied, their inhibitory activities on cyclooxygenase-1 (COX-1) (PGsynthase and TX-synthase) and 5-lipoxygenase (5-LOX) have been investigated in the present paper.
MATERIALS AND METHODS

Test Compounds
Lucinone, glutinone, 5-epi-kutdtriol and kutdtriol were isolated from J. glutinosa as described previously by us [6] [7] [8] (Fig. 1) . All compounds were dissolved in dimethylsulfoxide (DMSO) to an appropriate concentration and assayed for inhibition of prostaglandin E 2 (PGE 2 ) and leukotriene C 4 (LTC 4 ) from mouse peritoneal cells and thromboxane B 2 (TXB 2 ) from human platelets. Indomethacin (25-100 mM), nordihydroguaiaretic acid (NDGA) (6.25-25 mM) and ibuprofen (25-100 mM) were used as reference compounds (PGE 2 , LTC 4 and TXB 2 , respectively). All chemicals used were purchased from Sigma Chemical Co. (U.S.A.). Cell Viability Cell viability was assessed by using a 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-based colorimetric assay. 12) Cells in 96-well plates (8ϫ10 5 cells/well) were exposed to various concentrations of samples at 37°C, 5% CO 2 in air for 3 h. The 20 ml MTT solution (5 mg/ml in phosphate buffered saline) was added and further incubated for 3 h at 37°C. After aspirating the supernatant from the wells, 100 ml of DMSO were added for the dissolution of formazan crystals. The absorbance of each well was then read at 520 nm using an enzyme-linked immunosorbent assay (ELISA) plate reader. The values of the maximum non-toxic concentration obtained were then used in PGE 2 , LTC 4 and TXB 2 determinations.
Preparation of Mouse Peritoneal Cells Cells from NMRI male mice (20Ϯ5 g) were collected by peritoneal lavage with phosphate buffered saline (PBS). PBS was injected into the peritoneum and the cavity was gently mas-saged for 1 min. The lavage fluid was aspirated and the cells were isolated by centrifugation (1000 rpm, 4°C, 10 min). The supernatant was decanted and the cells were counted and resuspended at 10 6 cells/ml in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% heat-inactivated fetal calf serum (FCS) (Life Technologies, Barcelona, Spain) for cells adhered to 24-well plates. For adhering to plates, cells were incubated 24 h at 37°C in an atmosphere of 5% CO 2 .
PGE 2 and LTC 4 Release Assay COX and 5-LOX product formation was studied in calcium ionophore A23187 stimulated mouse peritoneal cells, consisting mainly of mouse peritoneal macrophages. This system had been optimized for maximal PGE 2 and LTC 4 release. 13) Mouse peritoneal cells were prepared in 24-well plates with the cell density of 5ϫ10 5 cells/well for the determination of PGE 2 and LTC 4 . After adhering to plates, nonadherent cells were washed off, and fresh DMEM (without FCS) added. The cells were pre-incubated with each test compound for 60 min at 37°C. Then, calcium ionophore A23187 was added at a final concentration of 10 Ϫ6 M and further incubated for 2 h. The contents of all dishes were collected directly from the plates, and centrifuged at 3000 rpm and 4°C for 10 min. PGE 2 and LTC 4 in the supernatant of each reaction mixture were quantitated by an ELISA kit (Cayman Chemical Co., U.S.A.).
Preparation of Human Platelets Peripheral blood samples were obtained from healthy donors of both sexes and anticoagulated with EDTA. Blood was centrifuged at 900 rpm for 20 min at 20°C, and the upper straw-coloured suspension of platelet-rich plasma (PRP) retained. The cells were resuspended in PBS at 3ϫ10 8 platelets/ml. TXB 2 Release Assay COX product formation was studied in calcium ionophore A23187 stimulated human platelets. This system had been optimized for maximal TXB 2 release. 14) Aliquots of PRP (1.5ϫ10 8 platelets/sample) were pre-incubated with each test compound for 2 min at 37°C. Then, calcium ionophore A23187 was added at a final concentration 1.8ϫ10 Ϫ6 M and further incubated for 20 min at 25°C. The cellular responses were stopped by centrifugation at 3000 rpm for 10 min at 4°C. TXB 2 in the supernatant of each reaction mixture was quantitated by an ELISA kit.
Data Analysis PGE 2 , LTC 4 and TXB 2 concentrations were assessed directly from a standard curve. Data are shown as meanϮS.D. of groups of five culture dishes of at least duplicate and in most cases triplicate determinations. Statistical analysis was performed using Student's t-test for unpaired data.
RESULTS
Lucinone and kutdtriol did not show a cytotoxic effect on cells up to a concentration of 100 mM. Glutinone and 5-epikutdtriol were only weakly toxic at 50 and 100 mM, respectively.
Effects of Sesquiterpenes on PGE 2 -and LTC 4 -Release As shown in Tables 1 and 2 , stimulation of mouse peritoneal cells by calcium ionophore A23187 led to the release of substantial amounts of COX-1 and 5-LOX products from endogenous arachidonic acid (AA). Basal releases of PGE 2 and LTC 4 from A23187-stimulated cells were 85Ϯ0.5 ng/ml and 55Ϯ0.6 ng/ml (meanϮS.D.), respectively. Validation of this system for the identification of inhibitors of the two divergent pathways of arachidonate metabolism was performed using indomethacin, a well-characterized COX inhibitor (97.18% inhibition of PGE 2 , IC 50 ϭ0.24 mM) ( Table 1) , and NDGA, a known inhibitor of 5-LOX, which produced 100% inhibition of LTC 4 (IC 50 ϭ0.49 mM) ( Table 2 ). All compounds assayed showed a significant effect on PGE 2 -release (Table 1) . Lucinone, glutinone, 5-epi-kutdtriol and kutdtriol exhibited inhibitory activity on COX-1 with IC 50 values of 42.69, 3.61, 1.28 and 39 mM, respectively (Fig. 2) . Inhibition was more evident with kutdtriol, although it showed less potency than the reference drug. However, none of the sesquiterpenes tested had a significant effect on LTC 4 -release ( Table 2) .
Effects of Sesquiterpenes on TXB 2 -Release As shown in Table 3 , stimulation of human platelets by calcium ionophore A23187 led to the release of substantial amounts of COX products from endogenous AA. Basal release of TXB 2 from A23187-stimulated platelets was 92.5Ϯ0.3 ng/ml (meanϮS.D.). Validation of this system for the identification of inhibitors was obtained using ibuprofen as a reference drug, which produced 98.9% inhibition of TXB 2 (IC 50 ϭ1.27 mM) (Table 3 ). Of all the tested compounds, only glutinone (IC 50 ϭ24 mM) showed a significant effect on TXB 2 -release, although with less potency than the reference drug (Fig. 3) .
DISCUSSION
The symptoms of inflammation (redness, edema, heat, pain and disturbed tissue function) are results of complex pathophysiological processes that include increased blood flow and vascular permeability, activation of humoral and cellular defence mechanisms, sensibilization and activation of noniceptors. These processes are mediated by a variety of 2 Vol. 25, No. 1 signalling molecules belong to different chemical classes. These mediators initiate, maintain, aggravate and modulate the course of a vast number of human disorders. In the search for new anti-inflammatory compounds, numerous targets within the AA cascade have been evaluated. COX and 5-LOX are two important enzymes which catalyze the formation of mediators involved in the inflammatory process.
The present paper studies the in vitro activity of four sesquiterpenes of plant origin in cellular systems generating COX and LOX metabolites. In our experiments, we stimulated the COX-1 (PGE 2 and TXB 2 ) and 5-LOX (LTC 4 ) pathway by calcium ionophore A23187 in a preparation of mouse peritoneal cells and human platelets. The four sesquiterpenes tested are capable of exerting inhibitory actions on enzymes of the arachidonate cascade, although they do not interfere in the 5-LOX pathway in our cellular systems. These compounds exert a preferential effect on the COX-1 pathway. Thus, glutinone exerts an inhibitory effect on the COX pathway (giving rise to reduced PGE 2 levels in activated mouse cells because of PG-synthase inhibition, and to a lesser extent reduced TXB 2 levels in human platelets), while lucinone, kutdtriol and 5-epi-kutdtriol only have a significant effect on PG-synthase activity.
Our results identify some features concerning the inhibition of arachidonate metabolism by sesquiterpenes. Kutdtriol and 5-epi-kutdtriol differed in terms stereochemistry. Alteration of the cis-to the trans-substitution at position 5 appears to be a positive requirement for inhibition of PG-synthase (76% kutdtriol versus 65% 5-epi-kutdtriol). We suggest that the methyl group at position 10, which was intact in the four molecules, is perhaps an important function for PG-synthase activity. Of all sesquiterpenes tested, only glutinone exhibited a moderate inhibitory effect on TX-synthase. The presence of an aliphatic chain at C-10 appears to be a necessary requirement for TX-synthase activity, because when it is blocked, the effect disappears. Thus, etherification of the enol by cyclization leads to a complete loss of activity on TXB 2 (55% inhibition of glutinone versus 0% inhibition of lucinone).
In the light of the obtained results, we can rule out inhibition of LOX metabolism. We suggest that selective inhibition of the PG-synthase pathway is the primary target of action of sesquiterpenes isolated from J. glutinosa, although glutinone presents a moderate inhibition of TX-synthase. However, since the synthesis of TXB 2 from AA depends on both the activity of COX and TX-synthase, dependent supression of TXB 2 -release may be also explained by the inhibition of COX due to glutinone. Additional studies of the inhibitory mechanism and the structure-activity relationship are in progress.
